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SYSTEM AND METHOD FOR AUTHORIZED COMPRESSION OF 

DIGITIZED MUSIC 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to systems and methods for preventing 
the unauthorized compression and recording of digitized music. 

2. Description of the Related Art 

The advantages of digitized video and music are numerous. One advantage is 
that digitized music can be compressed by a purchaser of the music, such that a 
person's entire music library can be stored on a single digital video disk (DVD). 
Another advantage of compressed music is that it can be conveniently stored in flash 
memory for subsequent decompression and playback by a portable music player that 
has no moving parts and that consequently can be made small for easy portability 
during activities such as jogging. Yet a further advantage of compressed music is 
that, being compressed, it is more quickly transmitted over media such as the Internet, 
compared to uncompressed music. 

Unfortunately, however, pirates can take advantage of the last of the above- 
mentioned advantages to distribute the music over the Internet without the 
authorization of the copyright owner. In other words, pirates can take advantage of 
the ease by which compressed music can be distributed over the Internet to distribute 
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the music without paying royalties to the copyright holder. Thus, while it is desirable 
to permit consumers to compress digitized music that has been properly paid for so 
that the consumers can use small players such as the one mentioned above, it is 
equally desirable that consumers cannot re-record music from pirate channels. The 
problem is not trivial to solve, because it is difficult to ascertain the difference 
between authorized, uncompressed music from CDs and unauthorized, decompressed 
music from the Internet. 

One solution to the above-noted problem is to record a so-called "fragile" 
watermark in the prerecorded music on CDs. The fragile watermark, which is 
supposed to be inaudible but which sometimes is not, is machine-detectable in never- 
compressed music but gets destroyed by compression, and consequently is not present 
in subsequently decompressed music. Accordingly, an authorized compression device 
can determine whether music has the fragile watermark and if it doesn't, can refuse 
to compress the music. 

As recognized herein, not only can the fragile watermark be detected by 
listeners, but it is also relatively easy to mimic by a hacker. Accordingly, the present 
invention makes the critical observation that a relatively more secure means is needed 
to prevent compression of music that has been received from an unauthorized 
compressed data stream, but to permit compression and subsequent re-recording of 
music obtained in an authorized transaction. 
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SUMMARY OF THE INVENTION 

A computer-based system for inhibiting unauthorized recording of digitized 
music includes a cryptography module that includes logic executable by a provider 
computer. The logic includes, for at least a segment of the music, obtaining an 
authorized digital signature, and then associating the authorized digital signature with 
the music. A consumer module is associated with a consumer music player and is 
executable thereby to undertake logic that includes processing at least the segment of 
the music to obtain a test digital signature. Only if the test digital signature matches 
the authorized digital signature is at least one of: compression of the music, and 
recording of the music, on the consumer music player permitted. 

In the preferred embodiment, the cryptography module obtains authorized 
digital signatures for respective plural segments of the music, and associates the 
authorized digital signatures with the music. In this embodiment, the consumer 
module determines test digital signatures for respective plural segments of the music. 
The consumer module prevents further compression and/or recording of the music 
unless a predetermined number or percentage of matches exist between test digital 
signatures and authorized digital signatures. 

As set forth in detail below, the music is stored in a data stream on a disk, and 
the authorized digital signature is associated with the music by storing the authorized 
digital signature on the disk, apart from the stream, or, if desired, as part of the 
stream. In a particularly preferred embodiment, the authorized digital signature is 
tagged with a signature date, and the consumer module processes the music using a 
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current key or an expired key having a key date equal to or later than the signature 
date. 

In another aspect, a computer program storage device includes a program of 
instructions for determining whether a request to compress and record digitized music 
should be honored. The program of instructions includes code means for processing 
at least one segment of the music to obtain a test digital signature. Also, the program 
includes code means for receiving an authorized digital signature associated with the 
music, and code means for permitting compression and recording of the music only 
if at least the test digital signature matches the authorized digital signature. 

In still another aspect, a computer program storage device includes a program 
of instructions for associating digitized music with at least one digital signature 
derived from at least a segment of the music. The program of instructions includes 
code means for deriving an authorized digital signature from at least the segment of 
the music, and code means for storing the music on a recording medium. Moreover, 
the program includes code means for storing the authorized digital signature on the 
recording medium along with the music. 

In yet another aspect, a method for facilitating the compression and storage, 
on a personal music player, of digitized music received on a disk in an authorized 
transaction includes recording the music on the disk along with at least one authorized 
digital signature derived from the music. The disk is received and engaged with a 
personal music player compression device. Then, at least one test digital signature is 
derived from the music. The method includes compressing the music and recording 
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the music on the personal music player only if the test digital signature matches the 
authorized digital signature. 

The details of the present invention, both as to its structure and operation, can 
best be understood in reference to the accompanying drawings, in which like reference 
numerals refer to like parts, and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of the present system; 

Figure 2 is a flow chart of the logic used during production of digitized music 
CDs; and 

Figure 3 is a flow chart of the logic used when a user desires to compress 

music. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring initially to Figure 1, a system for compressing digitized data such 
as music is shown, generally designated 10. In the particular architecture shown, the 
system 10 includes a digitized music source 11 that sends digitized music to a 
provider computer 12. In turn, the provider computer 12 executes a software- 
implemented cryptography module 14 in accordance with the logic below to produce 
music disks 16, such as CDs or DVDs. A disk 16 can be subsequently provided to 
a user wishing to compress music from the disk 16. The disk 16 would be tested by 
a software-implemented compression module 18 of a consumer's compression device 
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20 to determine whether compression and/or recording of the music onto a portable 
consumer music player 21 associated with the compression device 20 as indicated in 
Figure 1 is authorized in accordance with the logic below. 

It is to be understood that the modules 14, 18 may be executed by a processor 
as a series of computer-executable instructions. The instructions may be contained on 
a data storage device with a computer readable medium, such as a computer diskette 
22 shown in Figure 1 having a computer usable medium 24 with code elements A-D 
stored thereon. Or, the instructions may be stored on a DASD array, magnetic tape, 
conventional hard disk drive, electronic read-only memory, optical storage device, or 
other appropriate data storage device. In an illustrative embodiment of the invention, 
the computer-executable instructions may be lines of compiled C ++ compatible code. 

In any case, the flow charts herein illustrate the structure of the modules of the 
present invention as embodied in computer program software. Those skilled in the 
art will appreciate that the flow charts illustrate the structures of computer program 
code elements including logic circuits on an integrated circuit, that function according 
to this invention. Manifestly, the invention is practiced in its essential embodiment 
by a machine component that renders the program code elements in a form that 
instructs a digital processing apparatus (that is, a computer) to perform a sequence of 
function steps corresponding to those shown. 

Figure 2 shows the logic by which digital music is initially recorded onto the 
disks 16 to transfer the disks 16 to consumers in authorized transactions. 
Commencing at block 26, a robust watermark is established on the disk 16. This 
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robust watermark is a digital code which survives compression as is known in the art. 
Proceeding to block 28, segments in the music are established or defined. For 
example, a stream of digitized music might be divided into segments of a 
predetermined number of bytes each, with the last segment being a partial segment if 
necessary. 

Next, at block 30 a DO loop is entered for each segment. At block 32, the 
segment is hashed with cryptographic hash to derive an authorized digital signature 
for the segment. In the preferred embodiment, the standard hashing algorithm (SHA) 
or digital signature algorithm (DSA) can be used, it being understood that other 
methods for obtaining or deriving digital signatures can be used, provided a digital 
signature representative of the segment being processed is obtained. Once derived, 
the music is "signed" with the authorized digital signatures, i.e., the authorized digital 
signatures are recorded onto the disk 16 with the music, either apart from the music 
or as part of the music stream, e.g., in the last several waveform samples of a song. 

Once recorded, the present invention recognizes that the music can be 
transferred to a user pursuant to an authorized transaction, such as a sale of the disk 
16 directly to the consumer, for authorized re-recording of the music on the portable 
player 21 . The present invention further understands, however, that the music can be 
distributed to many consumers via, e.g., the Internet in unauthorized transactions, and 
that a consumer might seek to re-record, onto the portable player 21, the music so 
distributed. 
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As still further recognized herein, it is generally the case that music distributed 
over the Internet is compressed, to facilitate efficient transmission, and that 
compressed music will not have the same digital signature as the music from which 
it was derived. Moreover, the present invention realizes that once-compressed music, 
even after decompression, will not have the same digital signature as the original 
music, because decompression generally results in at least a few changed bits from the 
original and even a single changed bit is sufficient to render a different digital 
signature. 

With the above observations in mind, attention is directed to Figure 3, which 
sets forth the preferred logic for ascertaining whether the music sought to be 
compressed and recorded on the portable player 21 has been received pursuant to an 
authorized transaction or whether it already has been compressed, indicating an 
unauthorized transaction. Commencing at block 36, the music is received for 
compression by, e.g., engaging the disk 16 with the device 20. 

Moving to decision diamond 38, it is determined whether a robust watermark 
exists on the disk 16. If not, the logic ends at state 40; otherwise, the logic proceeds 
to block 42 to enter a DO loop for each segment of the music. 

At block 44, the segment under test is hashed with the same function used to 
derive the authorized digital signatures to obtain a test digital signature. From block 
44, the logic proceeds to decision diamond 46, wherein it is determined whether the 
test digital signature matches any authorized digital signature on the disk 16. If it 
does, the logic flows to block 48 to increment a "good match" counter by unity. Both 
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compressed and once-compressed, then decompressed music will fail the test at 
decision diamond 46. 

The present invention recognizes that a public key used to encrypt the music 
might be compromised. When this happens, it could be revoked by well-known 
"certificate revocation" methods, and a new key issued. However, if this were done 
old disks 16 that used the old key could no longer be imported into the device 20, 
even though such importation might be authorized, without the following feature. In 
the preferred embodiment, each authorized digital signature is tagged with the date of 
recording of the associated disk 16. Since each compromised key can be given an 
expiration date, the consumer module 18 can simply retain old keys, and if an 
authorized digital signature date of a disk 16 sought to be re-recorded is earlier than 
an old public key that had not expired when the disk 16 was recorded with the music, 
the old key is used. In this implementation, consequently, certificate revocations need 
not be used. 

From block 48, or from decision diamond 46 if the test there was negative, the 
logic moves to decision diamond 50 to determine whether the last segment has been 
tested. If not, the next segment is retrieved at block 52, and the logic loops back to 
block 44 to hash the segment. 

In contrast, when the last segment has been tested, the logic moves from 
decision diamond 50 to decision diamond 54, to determine whether the number of 
good matches (or percentage of good matches to overall number of test digital 
signatures or other equivalent relationship) as indicated by the "good match" counter 
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is at least as great as a predetermined number or percentage. If not, the logic returns 
"FAIL" at block 56; otherwise, the logic moves to state 58 to allow compression 
and/or recording of the music onto the portable player 21. 

Although only a single authorized digital signature need be derived from the 
entire music stream, the above-described segmentation is preferred. This is because, 
as recognized herein, music disk recording devices use weaker error correcting codes 
than do CD-ROM disks. Consequently, error correction in music disk recording, 
although rarely causing audible artifacts, can nonetheless result in uncorrected errors, 
even a single one of which can change the cryptographic hash. Under these 
circumstances, the test digital signature of the entire stream would not match the 
authorized digital signature of the stream. Accordingly, the preferred embodiment 
divides the stream into segments and allows compression and recording to proceed if 
most of the segment test digital signatures match respective authorized digital 
signatures. 

While the particular SYSTEM AND METHOD FOR AUTHORIZED 
COMPRESSION OF DIGITIZED MUSIC as herein shown and described in detail is 
fully capable of attaining the above-described objects of the invention, it is to be 
understood that it is the presently preferred embodiment of the present invention and 
is thus representative of the subject matter which is broadly contemplated by the 
present invention, that the scope of the present invention folly encompasses other 
embodiments which may become obvious to those skilled in the art, and that the scope 
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of the present invention is accordingly to be limited by nothing other than the 
appended claims. 

WE CLAIM: 
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CLAIMS 



1 1. A computer-based system for inhibiting unauthorized recording of 

2 digitized music, comprising: 

3 a cryptography module including logic executable by a provider 

4 computer, the logic including, for at least a segment of the music, obtaining 

5 an authorized digital signature, and then associating the authorized digital 

6 signature with the music; and 

7 a consumer module associated with a consumer music player and 
executable thereby to undertake logic including processing at least the segment 

■ 5 of the music to obtain a test digital signature, and, only if the test digital 

Jif signature matches the authorized digital signature, permitting at least one of: 

W compression of the music, and recording the music, on the consumer music 

12 player. 

M 2. The system of Claim 1, wherein the cryptography module derives 

2 authorized digital signatures for respective plural segments of the music, and 

3 associates the authorized digital signatures with the music. 

1 3. The system of Claim 2, wherein the consumer module determines test 

2 digital signatures for respective plural segments of the music, the consumer module 

3 preventing at least one of: compression of the music, and recording of the music, 
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4 unless a predetermined relationship exists between test digital signatures and the 

5 authorized digital signatures. 

1 4. The system of Claim 1, wherein the music is stored in a data stream 

2 on a disk, and the authorized digital signature is associated with the music by storing 

3 the authorized digital signature on the disk, apart from the stream. 

1 5. The system of Claim 1, wherein the music is stored in a data stream 

2 on a disk, and the authorized digital signature is associated with the music by storing 
; 3 the authorized digital signature on the disk as part of the stream. 

Ill 6. The system of Claim 1, wherein the authorized digital signature is 

tj? tagged with a signature date, and the consumer module processes the music using a 

: 3 current key or an expired key having a key date equal to or later than the signature 

ft date - 

1 7. A computer program storage device including a program of instructions 

2 for determining whether a request to compress and record digitized music should be 

3 honored, the program of instructions including: 

4 computer readable code means for processing at least one segment of 

5 the music to obtain a test digital signature; 
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6 computer readable code means for receiving an authorized digital 

7 signature associated with the music; and 

8 computer readable code means for permitting compression and 

9 recording of the music only if at least the test digital signature matches the 
10 authorized digital signature. 

1 8. The device of Claim 7, further comprising; 

2 computer readable code means for determining test digital signatures 

3 for respective plural segments of the music; and 

, : J- computer readable code means for preventing at least one of: 

* If compression of the music, and recording of the music, unless a predetermined 

fif> number or percentage of matches exist between test digital signatures and 

117 authorized digital signatures. 

;H 9. A computer program storage device including a program of instructions 
for associating digitized music with at least digital signature derived from at least a 

3 segment of the music, the program of instructions including structure comprising: 

4 computer readable code means for deriving an authorized digital 

5 signature from at least the segment of the music; 

6 computer readable code means for storing the music on a recording 

7 medium; and 
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8 computer readable code means for storing the authorized digital 

9 signature on the recording medium along with the music. 

1 10. The device of Claim 9, further comprising: 

2 computer readable code means for deriving authorized digital signatures 

3 for respective plural segments of the music; and 

4 computer readable code means for associating the authorized digital 

5 signatures with the music. 

.J 11. The device of Claim 10, further comprising: 

' S computer readable code means for storing the music on a location of 

g§ the recording medium apart from the stream. 

: 1 12. The device of Claim 10, further comprising: 

computer readable code means for storing the music on a location of 

'M the recording medium as part of the stream. 

1 13. A method for facilitating the compression and storage, on a personal 

2 music player, of digitized music received on a disk in an authorized transaction, 

3 comprising the acts of: 

4 recording the music on the disk along with at least one authorized 

5 digital signature derived from the music; 
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6 receiving the disk; 

7 engaging the disk with a personal music player compression device; 

8 deriving at least one test digital signature from the music; and 

9 compressing the music and recording the music on the personal music 
1 0 player only if the test digital signature matches the authorized digital signature. 

1 14. The method of Claim 13, further comprising the acts of: 

2 deriving plural authorized digital signatures from respective segments 

3 of the music; and 

,4 recording the plural authorized digital signatures on the disk. 

Ill 15. The method of Claim 14, further comprising the acts of: 

^ deriving plural test digital signatures from plural segments of the music; 

:3 and 

3 undertaking the compressing and recording act only if a predetermined 

M number or percentage of matches exist between test digital signatures and 

6 authorized digital signatures. 

1 16. The method of Claim 13, wherein the authorized digital signature is 

2 stored on the disk, apart from the music. 
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1 17. The method of Claim 13, wherein the authorized digital signature is 

2 stored on the disk in the music. 

1 18. The method of Claim 13, wherein the authorized digital signature is 

2 tagged with a signature date, and the deriving act includes processing the music using 

3 a current key or an expired key having a key date equal to or later than the signature 

4 date. 

1 19. The system of Claim 4, further comprising a robust watermark on the 

J2 9 disk. 

ill 21. The method of Claim 13, further comprising recording a robust 

IR watermark on the disk. 



IBM Case No. AM9-99-0122 



SYSTEM AND METHOD FOR AUTHORIZED COMPRESSION OF 

DIGITIZED MUSIC 



ABSTRACT OF THE DISCLOSURE 

A system and method for enabling authorized music from a CD or DVD to be 
compressed by a user for the user's own use, but to prevent the recompression of 
unauthorized music from, e.g., the Internet, includes hashing the music during 
recording with a cryptographic hash, and then signing the hash with a digital signature 
derived from the hash. Subsequent unauthorized compression and recompression will 
destroy the digital signature. Accordingly, music to be recorded is hashed to obtain 
a test digital signature and if, after hashing, the test digital signature matches the 
digital signature accompanying the music, compression and recording are allowed to 
proceed. 
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